Aims. We report 20 new lithium-rich giants discovered within the Gaia-ESO Survey, including the first Li-rich giant with an evolutionary stage confirmed by CoRoT (Convection, Rotation and planetary Transits) data. We present a detailed overview of the properties of these 20 stars. Methods. Atmospheric parameters and abundances were derived in model atmosphere analyses using medium-resolution GIRAFFE or high-resolution UVES (Ultraviolet and Visual Echelle Spectrograph) spectra. These results are part of the fifth internal data release of the Gaia-ESO Survey. The Li abundances were corrected for non-local thermodynamical equilibrium effects. Other stellar properties were investigated for additional peculiarities (the core of strong lines for signs of magnetic activity, infrared magnitudes, rotational velocities, chemical abundances, and Galactic velocities). We used Gaia DR2 parallaxes to estimate distances and luminosities. Results. The giants have A(Li) > 2.2 dex. The majority of them (14 of 20 stars) are in the CoRoT fields. Four giants are located in the field of three open clusters, but are not members. Two giants were observed in fields towards the Galactic bulge, but likely lie in the inner disc. One of the bulge field giants is super Li-rich with A(Li) = 4.0 dex. Conclusions. We identified one giant with infrared excess at 22µm. Two other giants, with large v sin i, might be Li-rich because of planet engulfment. Another giant is found to be barium enhanced and thus could have accreted material from a former asymptotic giant branch companion. Otherwise, in addition to the Li enrichment, the evolutionary stages are the only other connection between these new Li-rich giants. The CoRoT data confirm that one Li-rich giant is at the core-He burning stage. The other giants are concentrated in close proximity to the red giant branch luminosity bump, the core-He burning stages, or the early-asymptotic giant branch. This is very clear from the Gaia-based luminosities of the Li-rich giants. This is also seen when the CoRoT Li-rich giants are compared to a larger sample of 2252 giants observed in the CoRoT fields by the Gaia-ESO Survey, which are distributed throughout the red giant branch in the T eff -log g diagram. These observations show that the evolutionary stage is a major factor for the Li enrichment in giants. Other processes, such as planet accretion, contribute at a smaller scale.
Introduction
Although more than three decades have past since the discovery of the first Li-rich giant (Wallerstein & Sneden 1982) , the origin of such objects remains without a clear explanation (see Lyubimkov 2016 , for a review). According to standard stellar evolution models, the surface Li abundances of low-mass red giants after the first dredgeup should lie below A(Li) ∼ 1.50 dex (e.g. Lagarde et al. 2012) . However, about 1-2% of the known giants have been found to be richer in Li than this (see, e.g. Casey et al. 2016; Kirby et al. 2016) . Different scenarios have been proposed to explain their high-Li abundances. These scenarios can be broadly divided into those requiring internal fresh Li production, and those postulating external pollution by material rich in Li. A few additional processes have been proposed to explain some specific cases within the zoo of Li-rich giants, such as the red giant branch (RGB) phase transition discussed in Cassisi et al. (2016) and the extra-mixing inhibition discussed in Smiljanic et al. (2016) .
Internal Li production likely takes place by the mechanism proposed by Cameron & Fowler (1971) . In this mechanism, the unstable isotope 7 Be is produced in the stellar interior by the reaction 3 He(α,γ) 7 Be, which is followed by the decay 7 Be(e − ν) 7 Li, resulting in freshly synthesised 7 Li. The Cameron & Fowler mechanism, however, was introduced to explain observations of Li in asymptotic giant branch (AGB) stars. In AGB stars, the convective layer en- Notes. The V magnitudes are from APASS (Henden et al. 2015 ) unless otherwise noted: (1) The Guide Star Catalog, Version 2.3.2 (GSC2.3) (STScI, 2006) , and (2) the NOMAD catalogue (Zacharias et al. 2004) . For the determination of radial velocities and values of signal-to-noise per pixel from the GIRAFFE spectra see Jackson et al. (2015) . For the UVES spectra, the determination of these values is described in Sacco et al. (2014) .
ters the H-burning shell providing the means to bring the fresh Li to the surface (see, e.g. Scalo et al. 1975; Palmerini et al. 2011) . In first-ascent red giants, however, the introduction of an extra mixing mechanism is required to bring the fresh Li to the surface before it is destroyed in a reaction with protons of the medium. The physical mechanism responsible for this fast deep mixing is still unknown (Sackmann & Boothroyd 1999; Charbonnel & Balachandran 2000; Palacios et al. 2001) . The engulfment of planets and/or planetesimals is often the preferred scenario of external pollution to explain Li-rich giants (see, e.g. Siess & Livio 1999; Aguilera-Gómez et al. 2016; Delgado Mena et al. 2016; Reddy & Lambert 2016) . The location in the Herztsprung-Russel (HR) diagram of Li-rich giants previously discovered within the Gaia-ESO Survey seemed to be consistent with those of giants that engulfed close-in giant planets before evolving up the RGB (Casey et al. 2016) . In this scenario, the Li enhancement should be accompanied by enhancement of other light elements, such as 6 Li and Be. Enhancement in these elements, however, has never been detected in any of the Li-rich giants investigated so far (de Medeiros et al. 1997; Castilho et al. 1999; Melo et al. 2005; Takeda & Tajitsu 2017; Adamów et al. 2018) . Moreover, at least in red giants, the complexity of the evolutionary mixing events affecting Li and other elements has so far precluded the discovery of clear abundance signatures related to planet engulfment (see, e.g., Carlberg et al. 2016b,a) . This kind of joint Li and Be enhancement seems to have been detected in only one main-sequence star so far: in the open cluster NGC 6633, as reported by Ashwell et al. (2005) .
It has been suggested that the Li enhancement in giants might be connected to a phase of enhanced mass loss (de la Reza et al. 1996 (de la Reza et al. , 2015 . In this context, the star KIC 4937011, located in the field of the open cluster NGC 6819, is very interesting. The asteroseismic analysis of stars in NGC 6819 by Stello et al. (2011) classified KIC 4937011 as a non-member of the cluster. The oscillation pattern of KIC 4937011 was found to be different from that of other stars at similar position in the colourmagnitude diagram (CMD). This star was later found to be Li-rich by Anthony-Twarog et al. (2013) . They suggested that the asteroseismic mismatch could be related to the process that caused the Li enrichment. Carlberg et al. (2015) investigated KIC 4937011 in detail and summarised all the evidence supporting cluster membership (such as radial velocity and overall chemical composition). More recently, Handberg et al. (2017) suggested that KIC 4937011 is indeed a member of NGC 6819, but that it experienced very high mass loss during its evolution (it has now 0.7 M compared to 1.6 M of other red giants in the cluster).
Asteroseismology, thus, seems to offer the means to uncover new information about Li-rich giants. Four other Lirich giants observed with Kepler (Borucki et al. 2010 ) have been reported (Silva Aguirre et al. 2014; Jofré et al. 2015; Bharat Kumar et al. 2018) . Nine Li-rich giants observed with CoRoT (Convection, Rotation and planetary Transits, Baglin et al. 2006; Auvergne et al. 2009 ) have been discovered with Gaia-ESO data and were reported in Casey et al. (2016) .
This work is the second Gaia-ESO paper on the subject of Li-rich giants. Here, we report the discovery of 20 new Li-rich giants, 14 of which are in the CoRoT fields. These new Li-rich giants were discovered in new Gaia-ESO observations that were not available in the data release used in Casey et al. (2016) . With the new stars, there are now 40 Li-rich giants identified using Gaia-ESO data. Our goal is to discuss the properties of these new Li-rich giants and discuss which clues they provide about the origin of the Li enrichment. In particular, this offers the opportunity to reArticle number, page 2 of 20 Smiljanic et al.: Properties of newly discovered Li-rich giants Table 2 . Atmospheric parameters, lithium abundances, and rotational velocities for the newly discovered Li-rich giants. Notes. In the case of stars with GIRAFFE spectra, the errors in the parameters and abundances are the standard deviation of values obtained using multiple analysis pipelines. These are thus estimates of the internal error alone. The missing error of some Li abundances means that the values were determined by one single pipeline. Assuming a typical error of ∼ 0.10-0.15 dex (as for the other values) would be adequate in these cases. In the case of stars with UVES spectra, errors are obtained through modeling of how well the multiple pipelines reproduce the reference parameters of calibrating objects (e.g., Gaia benchmark stars). The process of error estimation in the analysis of UVES spectra will be described in Casey et al. (in prep) . For stars observed with GIRAFFE, values of vsin i are reported only if above ∼ 7.0 km s −1 . For these measurements, the HR15N setup (centred at 665nm) was used.
visit the conclusions of Casey et al. (2016) using the more recent reanalysis of Gaia-ESO data available in the Survey's fifth internal data release (iDR5). We also take advantage of new PARSEC isochrones (Fu et al. 2018 ) and parallaxes of the recent second data release (DR2) of Gaia (Gaia Collaboration et al. 2016 Collaboration et al. , 2018 Lindegren et al. 2018) to revisit the discussion about the position of the Li-rich giants in the HR diagram. This paper is organised as follows. In Sect. 2 we give a brief description of the Gaia-ESO Survey (Gilmore et al. 2012; Randich & Gilmore 2013 ) data and analysis. In Sect. 3 we present the properties of the 20 newly discovered Lirich giants. In Sect. 4 we use CoRoT data and Gaia-based luminosities to update the discussion about the origin of the Li enrichment in the Li-rich giants discovered by the Gaia-ESO Survey. Finally, Sect. 5 summarises our findings.
Data and analysis
The spectra used here have been obtained with the FLAMES (Fibre Large Array Multi Element Spectrograph, Pasquini et al. 2002) instrument at the European Southern Observatory's (ESO) Very Large Telescope (VLT) in Cerro Paranal, Chile. FLAMES was used to feed both the GI-RAFFE medium-resolution (R ∼ 20 000) and the UVES (Ultraviolet and Visual Echelle Spectrograph, Dekker et al. 2000) high-resolution (R ∼ 47 000) spectrographs.
Basic information on the newly discovered Li-rich giants is given in Table 1 . All stars were observed with GIRAFFE, except for the two giants towards the bulge and the CoRoT target with CNAME 19265193+0044004, which were observed with UVES. The Li line at 6708Å falls within the GI-RAFFE setup HR15N (λλ 647-679 nm). In Gaia-ESO, this GIRAFFE setup is only used to observe calibrators (such as the CoRoT stars) and stars in open clusters. All other stars in Milky Way fields are observed only with HR10 and/or HR21 and therefore the determination of Li abundances is not possible for them. UVES, on the other hand, is used to observe mainly FG-type dwarfs in the solar neighbourhood, giants in the field of open clusters, and towards the Bulge, or (bright) calibrators, such as some CoRoT giants. Because of these details of how the stars are observed, Lirich giants have been discovered with Gaia-ESO data only in these three types of fields (open clusters, CoRoT fields, or towards the Bulge).
An overview of the GIRAFFE data reduction can be found in Jackson et al. (2015) . The UVES data reduction is described in Sacco et al. (2014) .
The atmospheric parameters, effective temperature (T eff ), surface gravity (log g), metallicity ([Fe/H]), and microturbulence (ξ), projected rotational velocities (v sin i), and the chemical abundances are part of iDR5. The values of atmospheric parameters are given in Table 2 . The spectra were analysed using the Gaia-ESO multiple pipelines strategy. For the case of stars in the field of young clusters, which can also contain pre-main sequence stars, the spectrum analysis was described in Lanzafame et al. (2015) . The analysis of UVES spectra of other FGK-type stars was described in Smiljanic et al. (2014) , and an updated discussion will be presented in Casey et al. (in prep.) . The analysis of GIRAFFE spectra of other FGK-type stars was briefly described in Recio-Blanco et al. (2014) . The results obtained in the different analyses are homogenised using the comprehensive set of stellar calibrators described in Pancino et al. (2017) . The homogenisation process will be described in Hourihane et al. (in prep.) . A brief description of the Gaia-ESO atomic and molecular data is given in Heiter et al. (2015) . The analysis made use of the MARCS model atmospheres (Gustafsson et al. 2008 ).
The Li abundances were determined from the 6708 Å line assuming local thermodynamical equilibrium (LTE). A combination of methods including spectrum synthesis, measurement of equivalent widths, and curve of growths was used. The line list includes the hyperfine structure and isotopic splitting of the Li line and the Fe i blend at 6707.4 Å. We selected from the iDR5 catalogue giants (log g ≤ 3.5 dex) with T eff between 4000 and 5000 K, and with detected Li abundances, not upper limits, where A(Li) ≥ 2.0 dex (in LTE). Example spectra of three Li-rich giants are shown in Fig. 1 .
Originally, 21 candidate Li-rich giants were identified. Upon inspection of the spectra, however, one giant was found to lack an enhanced Li line (CNAME 08113284-4721004) and was excluded from further discussion. Its enhanced Li abundance is likely an artefact introduced by some failure of the analysis pipelines. We have checked the literature, and to the best of our knowledge, all 20 giants are reported to be Li-rich here for the first time.
Corrections for non-LTE effects were applied using the grid of Lind et al. (2009) . The corrections depend on the atmospheric parameters and on the LTE Li abundance. They are usually positive if the Li enrichment is not too high (around 2.0 dex), but may become negative for the giants with Li abundances above ∼2.6 dex. For the stars observed with GIRAFFE, a spectroscopic determination of the microturbulence velocity was not possible. For the purposes of the non-LTE correction, a value of ξ = 1.5 km s −1 was adopted as is reasonable for red giants. In any case, the non-LTE correction is not very sensitive to ξ. The LTE and non-LTE Li abundances are given in Table 2 .
Properties of the new Li-rich giants
Within the Gaia-ESO data analysis cycle, a detailed system of flags has been defined with which any peculiarity identified in the spectra and/or issues found during the analysis can be reported. It is anticipated that a number of these flags will be included in later public data releases (flags to be described in Van Eck et al., in prep) . For the moment, we can report that no important problem with the spectra of these Li-rich giants has been flagged (e.g. no emission lines, and no evidence of multiplicity in the spectra). For the method developed to identify spectroscopic binaries, we refer to the discussion presented in Merle et al. (2017) .
The subsections below report our investigation of the properties of the new Li-rich giants (e.g. core of strong lines for signs of magnetic activity, infrared (IR) magnitudes, rotational velocities, chemical abundances, and Galactic velocities). We attempted to identify characteristics in common among these stars. A summary of these findings is given in Table 3 .
2 displays the newly discovered Li-rich giants in T efflog g diagrams, where the giants are divided according to metallicity. A selection of evolutionary tracks for masses between 0.8 and 3.0 M is shown for comparison. The regions of the RGB luminosity bump, the clump of low-mass stars, and of the beginning of the early-AGB are indicated. Low-mass stars here are those stars that go through the He-core flash at the end of the RGB. The beginning of the early-AGB is defined here as the first point where the luminosity produced by the He-burning shell becomes higher than the luminosity produced by the H-burning shell, at the evolutionary stages after the abundance of central He has reached zero.
For masses below 1.4 M , we use the new PARSEC evolutionary tracks of Fu et al. (2018) which were computed with a new envelope overshooting calibration. As a result, the RGB bump, for these tracks, is shifted by between +0.15 or +0.20 dex in log g in comparison with the older PARSEC tracks. For masses above 1.4 M , we plot the older PARSEC tracks (as the position of the RGB bump was not changed in the new tracks). Charbonnel & Balachandran (2000) suggested that Lirich giants were preferentially located in two regions of the HR diagram. Low-mass Li-rich giants would be located at the RGB bump, and intermediate-mass Li-rich giants would be located at the early AGB. Charbonnel & Balachandran (2000) connected the Li enrichment with an extra-mixing process that activates at these evolutionary stages.
More recently, some Li-rich giants were found to be instead core He-burning giants (Kumar et al. 2011; Monaco et al. 2014; Silva Aguirre et al. 2014; Bharat Kumar et al. 2018 ). There are, however, works that report Li-rich giants throughout the RGB (see, e.g. Alcalá et al. 2011; Monaco et al. 2011; Martell & Shetrone 2013) and others that find Li-rich objects also among less evolved stars (Koch et al. 2011; Gruyters et al. 2016; Li et al. 2018) . (2011) suggested an episode of Li production related to the He-core flash. However, such intermediate-mass giants do not go through the He-core flash and would thus require a different scenario for the Li enrichment. Nevertheless, this star is a fast rotator (see Section 3.3 below) and has quite uncertain parameters. Thus, it might also be a low-mass clump giant.
Within the errors, the position of most giants in Fig. 2 is consistent with the RGB luminosity bump or the clump of low-mass stars. This is true in all metallicity intervals. There are maybe five giants (one in the top middle panel, two in the bottom left panel, and two in the bottom middle panel) that fall either above or below the bump. For at least four of them, we consider the parameters to be uncertain. These four stars out of the five have spectra with signal-tonoise (S/N) below 30 (see Table 1 ). They might have been excluded from the discussion, but we chose to report them here, nonetheless, because they have enhanced Li lines that make them genuine Li-rich giants.
Given the error bars, a few of the giants might instead be in the early-AGB region, if they are of intermediate mass.
The error bars do not allow us to clearly classify them as low-or intermediate-mass giants. Despite the difficulty in assigning a specific evolutionary stage, it seems clear from Fig. 2 that the Li-rich giants are found in a narrow and specific region of the diagram.
In general, the position of giants in such spectroscopic diagrams can be quite uncertain. A plot such as we show in Fig. 2 is not sufficient to tell the evolutionary stages apart. Photometric diagrams tend to be more precise if the distance to the star and the reddening are well known. We resume this discussion using Gaia DR2 parallaxes in Section 4.3. Otherwise, asteroseismology is the only way to properly separate the evolutionary stages (Bedding et al. Article number, page 5 of 20 A&A proofs: manuscript no. smiljanic_aa33027 Table 3 . Summary of the noteworthy characteristics of the new Li-rich giants as discussed in Sections 3 and 4. CNAME Characteristics
08405643-5308309
Above the bump in both the T eff -log g diagram (Fig. 2 ) and the HR-diagram (Fig. 7) 19264134+0137595 19264917-0027469 Above the bump (T eff -log g diagram, bottom-middle panel of 2011; Mosser et al. 2011; Elsworth et al. 2017 ). The stellar properties based on CoRoT data, which are available for some of our giants, are discussed in Sections 4.1 and 4.2.
Stellar masses
Mints & Hekker (2017) recently presented a tool for estimating masses, ages, and distances of stars using a Bayesian approach (UniDAM, the unified tool to estimate distances, ages, and masses). The tool makes use of PAR-SEC isochrones (Bressan et al. 2012 ) and needs as input the atmospheric parameters (T eff , log g, and [Fe/H]) and the IR photometry from 2MASS (Two Micron All-Sky Survey, Skrutskie et al. 2006 ) and WISE (Wide-field Infrared Survey Explorer, Wright et al. 2010; Cutri & et al. 2012 Cutri & et al. , 2013 . Using UniDAM, Mints & Hekker (2017) estimated the mass of one star of our sample, CNAME 19223053+0138518, using Gaia-ESO DR2 atmospheric parameters. They derived mean masses of 1.31 or 1.50 (± 0.21) M , depending on whether the star was assumed to be before or during He-core burning.
We have employed UniDAM to obtain an indicative value of the stellar masses in our sample. We used the atmospheric parameters from Table 2 combined with J, H, and Ks magnitudes from 2MASS, and W 1 and W 2 magnitudes from WISE. All magnitudes were retrieved from the Vizier database (Ochsenbein et al. 2000) . The results are given in Table 4 (and also include age and distance estimates). For a few stars the solutions did not converge or were flagged as being of low quality, and are thus not given. Estimates are not provided for star CNAME 17531013-2932063 as it has saturated 2MASS magnitudes. Some discrepancy between the masses estimated using UniDAM and what would be estimated by eye from Fig. 2 can be noted. This is likely caused by the additional use of IR photometry in the calculations. Within the errors, however, the estimates of stellar masses would be in agreement. Moreover, we tested UniDAM in a series of giants in open clusters observed by Gaia-ESO with ages between 0.3 and 4.5 Gyr. The cluster ages and stellar masses obtained by UniDAM were in agreement, within the errors, with the known properties of the clusters.
The UniDAM code typically outputs two (sometimes three) solutions, assuming that the giants are in different evolutionary stage. Most Li-rich giants seem to be low-mass stars between 1.1 and 1.4 M , either before or during coreHe burning, and thus either at the RGB luminosity bump or at the clump.
We remark that this method does not use any seismic information, but only spectroscopic and photometric observables and theoretical isochrones. It is well known that such mass estimates for red giants are affected by large uncertainties, given the accumulation of model tracks with different masses in a small region of the HR diagram and uncertainties in the chemical composition. In Section 4.1 below, we also discuss estimates of stellar masses based on seismic properties. Although these values also suffer from large uncertainties, the estimates seem to be consistent within the errors.
Activity, infrared excess, and rotation
Lithium-rich giants are sometimes found as by-products in searches for young stars that use x-ray detection, IR excess, or chromospheric activity as selection criteria (e.g. Gregorio-Hetem et al. 1993; Castilho et al. 1998; Frasca et al. 2018) . Several works have reported detection of magnetic activity in some Li-rich giants (see, e.g. Kővári et al. 2013 Kővári et al. , 2017 Kriskovics et al. 2014) . To search for evidence of activity, we investigated the stellar spectra for signs of emission in the core of strong lines (Hα and the near-IR Ca ii lines). No clear signs of emission were found in any of the giants.
The IR excess that is sometimes reported in Li-rich giants has been suggested to be connected to an episode of enhanced mass loss (de la Reza et al. 1996 Reza et al. , 1997 Reza et al. , 2015 . However, investigation of large samples of Li-rich and Linormal giants has shown that IR excess seems to be rare (Jasniewicz et al. 1999; Bharat Kumar et al. 2015; Rebull et al. 2015) . This indicates that either the possible massloss event is very short lived or that there is no connection between mass loss and Li enrichment.
We have investigated the IR behaviour of our Li-rich giants using 2MASS and WISE photometry. For comparison, a flux model of each star was computed using Kurucz codes (Kurucz 1993) . The modelled log(wavelength×flux) was normalised to the J band and compared to the remaining magnitudes. The agreement between models and observations is very good for all bands from H to W 3. For most stars, the WISE W 4 band (at 22 µm) is only an upper limit. Only two stars have W 4 detections. For star CNAME 19223053+0138518 (CoRoT 100440565), the Article number, page 7 of 20 A&A proofs: manuscript no. smiljanic_aa33027 Notes. Solar abundances of Mg, Al, Na, Ba, and Eu were adopted from Grevesse et al. (2007) . The abundance errors have the same meaning as discussed in the note of Table 2 .
agreement with the model is good. For star CNAME 19270600+0134446 (CoRoT 101205220), an excess emission is indicated at 22 µm (Fig. 3) . Given the lack of W 4 magnitudes for most stars in our sample, we do not have a clear picture of how common the IR excess is in these new Li-rich giants.
Projected rotational velocities are listed in Table 2 . Many of the giants have only upper limits determined from their GIRAFFE spectra and are thus likely slow rotators, including 19270600+0134446, the only giant with IR excess. Nine giants, however, have v sin i > 7-8 km s −1 . This seems to agree with the results of Drake et al. (2002) , who found that Li-rich giants are more common among fast-rotating giants (defined by them as giants with v sin i > 8 km s −1 ).
Fast rotation is one of the expected outcomes of planet engulfment (e.g. Carlberg et al. 2009 ). The high v sin i of some of the Li-rich giants could thus be interpreted as a sign of engulfment. Privitera et al. (2016a,b) computed models that take into account the interaction between the planetary orbit and rotation in stars during engulfment episodes. In their rotating stellar models, equatorial velocities (not projected) of the order of 5-10 km s −1 are possible for giants of 1.5 M and log g ∼ 2.5 dex, even without engulfment, just from the normal spin-down evolution of the star. Only higher v sin i values would need to be explained with some sort of acceleration of the stellar surface.
Two stars in our sample could be examples of such cases. One is star 19274706+0023447 (CoRoT 101314825), the giant at the lower RGB (top middle panel of Fig. 2) , which has 18 km s −1 . The other is star 18265248+0627259, the fastest rotator in this sample with 37 km s −1 (the star apparently at the core-He burning phase, bottom left panel of Fig. 2 ). In light of the work of Privitera et al. (2016a,b) , both stars might have suffered surface acceleration because of the engulfment of planets. We note that this last star was observed in the field of the open cluster NGC 6633 (with ID NGC 6633 JEF 49), but it is not a member based on its radial velocity (RV) and photometry (Jeffries 1997 , who also measured v sin i = 39 km s −1 ).
Chemical abundances
We have checked the chemical abundances of other elements available in iDR5 for possible anomalies. Abundances of a few selected elements in the Li-rich giants are given in Table  5 . The abundance information for the stars observed with GIRAFFE is limited because of the restricted wavelength range of the spectra (see Mikolaitis et al. 2014) . Abundances of C, N, and O are only available for giants observed with UVES and are given in Table 6 . Surface abundances of C and N are expected to be altered in giants that have gone through the first dredge-up; [C/Fe] ∼ −0.20 dex and [N/Fe] ∼ +0.40 dex (see, e.g. Tautvaišienė et al. 2015 Tautvaišienė et al. , 2016 Drazdauskas et al. 2016a,b; Böcek Topcu et al. 2015 Szigeti et al. 2018 , for some recent references). The C and N abundances seem consistent with the stars having experienced first dredge-up, although N in the star CNAME 18181062-3246291 seems to have been only mildly affected.
Abundances of other elements (Na, Al, α, iron peak, and neutron capture) were also investigated. Of the heavy neutron-capture elements, Table 5 ratio of star CNAME 19265013+0149070 (CoRoT 101162874), which is clearly enhanced. We have double-checked the Ba abundance of this star using spectrum synthesis and confirm the reported enhancement. We remark that this star is rotating moderately fast (v sin i = 13.2 km s −1 , see Table 2 ). The Ba enhancement might suggest that this could be a barium giant (see, e.g. de Castro et al. 2016; Escorza et al. 2017) . Barium giants are members of binary systems, with companions that are currently white dwarfs. The more massive companion evolved faster, went through the AGB phase and enriched itself with neutron capture elements, before transferring mass to the curArticle number, page 8 of 20 Notes. Solar abundances of C, N, and O were adopted from Grevesse & Sauval (1998) . We gave preference to these older values for CNO because Grevesse et al. (2007) list abundances derived using 3D models, which considerably decrease the value of the reference solar abundances. Our analysis, however, is based on 1D models, and thus Grevesse & Sauval (1998) offer more consistent reference values. All abundances are given in LTE. The abundance errors have the same meaning as discussed in the note of Table 2. rent Ba giant. The Li enhancement might also originate from the AGB companion. However, there seems to be no clear evidence of other Li-rich Ba giants (Lambert et al. 1993) .
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V LSR (km/s) (U LSR 2 +W LSR 2 ) (1/2) (km/s) ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ ✦ Li-
Stellar population analysis
The second data release (DR2) of Gaia has provided astrometric information for more than 1.3×10
9 objects with unprecedented quality (Gaia Collaboration et al. 2016 Lindegren et al. 2018 ). We have cross-matched our list of Li-rich giants with Gaia DR2 and obtained parallaxes and proper motions for all the stars (Table A.1 in the appendix).
The relative uncertainty of the parallaxes has median of about 10% and is lower than 25% for most stars. For this preliminary kinematic analysis, we assumed that the stellar distance is the inverse of the parallax. This assumption should provide accurate results for most of our stars, but not for all of them. We refer to Luri et al. (2018) for a discussion of the uncertainties, correlations, and limitations of the parallaxes. We considered only giants whose relative uncertainty of the parallaxes is lower than 15%. The calculation of the heliocentric Galactic spacevelocity components (U , V , and W ) and respective uncertainties is based on the equations presented in Johnson & Soderblom (1987) . The components are in the right-hand system, meaning that U is positive towards the Galactic centre, V is positive towards the Galactic rotation, and W is positive towards the Galactic north pole. For this calculation, we assumed that the local standard of rest rotates with V LSR = 220 km s −1 and adopted the 3D solar motion of (U, V, W ) = (+10.0, +5.2, +7.2) from Dehnen & Binney (1998) .
The results are displayed in the left panel of Fig. 4 and are listed in Table 7 . The velocities of the Li-rich giants do not deviate significantly from the behaviour expected of stars in the Galactic disc. In the right panel, we include
Article number, page 9 of 20 (MCMC) simulations that take into account the uncertainties in the measured abundances. The contours in mark regions containing 95% and 68% of the data points. Using their [α/Fe] ratios, we tentatively classify 11 giants as members of the thin disc and seven as members of the thick disc. No α-element abundances are available for the remaining two giants. We note, however, that the tentative thin-and thick-disc giants do not separate well in the kinematic plot.
One of the tentative thick-disc stars, 18182698-3242584, was observed in a field towards the bulge, and thus it might instead be a member of this stellar population (but see Appendix D below), in particular, given the known chemical similarity between bulge and thick disc (Alves-Brito et al. 2010) . Alternatively, it might also be a member of the α-enhanced super-solar metallicity population identified by Adibekyan et al. (2011) . A detailed discussion of the kinematic properties of the sample is beyond the scope of this paper, but we can conclude that they mostly seem to be disc giants.
Discussion
In this section, we attempt to address the evolutionary stage of the stars in more detail. To do this, we make use of the CoRoT data available for a subsample of our Li-rich giants. We also make use of the recent Gaia DR2 to compute luminosities and position the giants in the HR diagram. For the discussion in this section, we combine our sample of new discoveries with the Gaia-ESO Li-rich giants previously reported in Casey et al. (2016) . For completeness, in the appendix we give both the observational data of these stars (Table B .1) and the results of the re-analysis of their spectra in Gaia-ESO iDR5 (Table B. 2). Additional discussion of the Li-rich giants observed in the fields of open clusters is given in Appendix C. It is shown that these stars are not cluster members. An additional discussion of the giants observed towards the Bulge is given in Appendix D. It is also shown that Bulge membership is unlikely.
Stellar properties from CoRoT data
Perhaps the most important result based on the analysis of the CoRoT data 1 of these new Li-rich giants is the evolutionary stage of star 19265193+0044004 (CoRoT 101167637). This star is a He-core burning clump giant according to Mosser et al. (2011) . This is one of the few known Li-rich giant with a clear asteroseismic determination of the evolutionary stage, and the first based on CoRoT data. The other such giants include the clump giant reported by Silva Aguirre et al. (2014) , the RGB bump giant reported by Jofré et al. (2015) , and the two clump giants reported by Bharat Kumar et al. (2018) , all with Kepler data. We also highlight the Li-rich giant found by Monaco et al. (2014) in one open cluster as its position at the CMD is consistent with the red clump. For the remaining Li-rich giants in our 1 The CoRoT data are publicly available and can be downloaded at http://idoc-corot.ias.u-psud.fr/ sample, the CoRoT data do not provide a clear evolutionary classification. In Section 3.2, we estimated the giant to have 1.3-1.4 ± 0.3 M . Thus, this is most likely a low-mass star, although the error bar does not exclude the possibility of an intermediate-mass value. As a low-mass star, it went through the He-core flash at the end of the RGB evolution. As suggested before (e.g. Kumar et al. 2011; Monaco et al. 2014) , this episode must likely be related to the origin of the Li enrichment. Star 19265193+0044004 becomes now an important addition that supports the connection between Li-rich giants with the clump evolution.
Solar-like oscillations have been detected in the analysis of the light curves of 10 out of the 14 new Li-rich giants found in the CoRoT fields. Up to four pipelines were used in the seismic analysis (see Mosser & Appourchaux 2009; Hekker et al. 2010; Mathur et al. 2010; de Assis Peralta et al. 2018 ). The frequency of maximum power, ν max , together with our T eff values was used to compute seismic estimates of log g by means of a scaling relation (Brown et al. 1991; Kjeldsen & Bedding 1995) . Furthermore, using our temperatures, ν max , and the large separation (∆ν), estimates of the stellar masses can also be obtained using scaling relations. See, for instance, Eq. 3 of Miglio et al. (2012) . We used the following solar values: T eff = 5777 K, ν max = 3090 µHz, and ∆ν = 135 µHz. The values are given in Table 8 .
Masses derived using global seismic parameters and scaling relations can be more accurate than those based on isochrones. However, the precision of the values obtained from the scaling relations itself depends on stellar parameters such as mass, metallicity, and evolutionary stage (e.g. Miglio et al. 2013) . Corrections based on theoretical models and frequencies are required to improve the precision of stellar mass values, such as in Rodrigues et al. (2017) and Valentini et al. (in prep.) . These corrections were not applied here. Therefore, the mass values should be seen only as indicative and used only as a check of the values derived previously using a different method. In most cases, the masses agree within the uncertainties with the values derived using UniDAM. In some cases of large disagreement, the seismic mass is based on one detection, hence this can be seen as a difficult and uncertain measurement.
The seismic log g values are mostly lower than the spectroscopic values. The mean difference is about −0.16 ± 0.13 dex. For the Li-rich CoRoT giants of higher metallicity, this change moves some of the stars from inside the region of the RGB bump to a position around the clump or closer to the early AGB. The position of Li-rich CoRoT giants of lower metallicity is still consistent with the bump, although at higher stellar mass. Thus, the previous conclusion does not change. The stars remain consistent with three evolutionary stages: the RGB bump, the clump, and the early AGB.
Finally, De Medeiros et al. (2013) analysed the CoRoT light curve of 19273856+0024149 and found it to display semi-sinusoidal variation, likely produced by rotation (we determined v sin i = 12 km s −1 ). De Medeiros et al. (2013) derived a variability period of 74.383 ± 1.0792 days. These two measurements yield a "projected" radius of the star of 17.6 R . Star 19273856+0024149 is the giant in the right panel of Fig. 2 above the RGB bump above the blue track for 1.2 M . The models for 1.2 M predict a radius of ∼ 11.6 R for its log g (2.39 dex, Table 2 ). A larger radius might mean that the giant is brighter and/or has higher Article number, page 10 of 20 Smiljanic et al.: Properties of newly discovered Li-rich giants Notes. The error in log g takes into account the error in T eff . Moreover, it includes both the standard and systematic errors for the targets for which detection was made by more than one pipeline. For the targets with only one determination, this is only the internal error of the pipeline (and thus it underestimates the uncertainty). The error in the masses also takes into account the error in νmax, which is usually large. Moreover, we remark again that masses based on scaling relations need corrections that depend on the stellar parameters, as discussed in the text, and which were not applied here. mass than implied by our spectroscopic log g itself, bringing the star closer to the RGB bump. A higher mass value (1.54 M ) is supported by the seismic analysis.
Giants in CoRoT fields
The extended sample of CoRoT giants indicates that evolutionary stage is one main factor that unites Li-rich giants. Gaia-ESO has observed 2865 targets in CoRoT fields; 2431 of them have log g ≤ 3.5 in the iDR5 catalogue (and thus are considered here to be giants). Lithium abundances or upper limits were derived for 2252 of them. The characteristics of the CoRoT data mean that the giants for which oscillations have been extracted are mostly in the range of the clump and bump, or somewhat lower on the RGB. These giants with asteroseismic data were the priority in the Gaia-ESO observations. Nevertheless, because of the difficulties of assigning fibres during the observations, these giants were not observed alone. The observed giants are distributed throughout the RGB, with log g ranging from 3.5 to 0.70 dex (with quartiles 2.74 and 2.30 dex). Within this large sample, we found a total of 23 Li-rich giants, including those reported in this work and in Casey et al. (2016) . This is a fraction of 1.02%, which is consistent with the numbers reported in the literature (∼1-2%, see e.g. Brown et al. 1989; Pilachowski et al. 2000; Kirby et al. 2016) .
Histograms with the metallicity distribution of the CoRoT giants are shown in The important result is that within this large sample of CoRoT giants, the Li-rich giants are mostly found in a narrow range of surface gravity values (i.e. narrow range of luminosities). These giants are mostly in the proximity of the RGB luminosity bump, although in particular for higher metallicity, some are also consistent with the position of the clump and/or could be at the early AGB. The asteroseismic data classify one star as a red clump giant, and at least one giant is visually consistent with the core He-burning stage at the intermediate-mass regime, which might be even more challenging to explain. There is no extra-mixing event known to take place at this stage for intermediate-mass giants. The four exceptions likely have very uncertain atmospheric parameters.
The concentration around the three evolutionary regions is clearly visible in Fig. 6 , even though the error bars prevent an accurate positioning of the objects. This observation differs from previous reports that Li-rich giants are located throughout the whole extension of the RGB. For example, Alcalá et al. (2011) reported 1 Li-rich low-mass M-type giant likely at the tip of the RGB. Monaco et al. (2011) discussed 5 Li-rich giants located between the RGB bump and the tip of the RGB. Martell & Shetrone (2013) reported 23 Li-rich giants distributed from the bottom to the tip of the RGB.
This conclusion is also different from what has been reported in Casey et al. (2016) , where most giants had been found to lie below the position of the RGB luminosity bump. This concentration seemed to suggest planet engulfment as the most likely scenario. We note here again that the new evolutionary tracks of Fu et al. (2018) argue for a lower position of the RGB bump of low-mass stars. For the sample of Casey et al. (2016) , we used a new set of parameters revised during the Gaia-ESO iDR5 analysis. Most of the changes between the values of T eff and log g reported in Casey et al. (2016) and those reported here are well explained by the uncertainties in the measurements, however. Moreover, the seismic log g values place the stars closer to the red clump, making a position below the RGB bump even less likely.
Further motivation to review the likelihood of planet engulfment as a main channel behind the Li enrichment comes from recent works investigating Be abundances in Lirich giants. Takeda & Tajitsu (2017) attempted to detect Be in 20 Li-rich giants, including a few with Li abundances above the meteoritic value. No Be enhancement was detected. Adamów et al. (2018) recently reported an attempt to detect Be in two Li-rich giants. Again, the Be abundance was found to be depleted, as expected for red giants after the first dredge-up. Moreover, as discussed before, very fast rotation that clearly needs an additional mechanism to accelerate the stellar surface is seen in only two giants of our sample. The combination of all these observations seems to suggest that planet engulfment plays a minor role at most in the formation process of Li-rich giants.
Luminosities with Gaia DR2 data
As mentioned before, the Gaia DR2 parallaxes and proper motions are given in Table A.1. To calculate stellar luminosities, we assumed that the stellar distance is the inverse of the parallax. This assumption should provide accurate results for most of our stars, but not for all of them. We refer to Luri et al. (2018) for a discussion of the uncertainties, correlations, and limitations of the parallaxes. We computed luminosities for the 27 giants whose relative uncertainty of the parallaxes is lower than 15%.
To compute the absolute magnitudes, Ks from 2MASS was transformed into K in the CIT/CTIO system (Elias et al. 1982 ) using the relation from Carpenter (2001) and ignoring the reddening. Bolometric corrections in K have been tabulated by Houdashelt et al. (2000) . The bolometric correction mostly depends on the T eff of the giant, is only weakly dependent on the metallicity, and is mostly independent of log g. Thus, in the grid of Houdashelt et al. (2000) , we first selected the table of closer metallicity (either [Fe/H] = 0.00 or −0.50 dex) and linearly interpolated the values in T eff . Failing to interpolate in [Fe/H] causes an effect of at most 0.02 mag in the bolometric correction. This effect is negligible given that the uncertainties in our T eff values can cause an effect of about 0.2 mag in the bolometric correction. Luminosities were computed using a solar bolometric magnitude of M bol = 4.75 mag.
We estimated the uncertainties in the luminosities coming from the uncertainties in the parallaxes, Ks magnitudes, and bolometric corrections. To do this, we assumed that the observed value is the mean of a Gaussian distribution with a standard deviation equal to the observed error (assumed to be 0.2 mag in the case of the bolometric correction). We then repeated the calculation of the luminosities 10 000 times by drawing a random value of parallax, magnitude, and bolometric correction out of these distributions. The standard deviation of the resulting distribution of luminosity values was taken to be the uncertainty in this quantity. The median of the uncertainties in the luminosities is 0.12 dex.
The position in the HR diagram of the Li-rich giants for which we computed luminosities is shown in Fig. 7 . The plot is divided into metallicity bins as in Fig. 2 and shows the same evolutionary tracks. It is clear that the HR diagram shows a similar behaviour as the T eff -log g diagram. The low-mass giants are concentrated around the position of the luminosity bump or the clump. The intermediate-mass stars seem to be at the core-He burning stage. A few stars might be at the early AGB, given the uncertainties.
Luminosity values of higher quality may be obtained with a better estimation of the distances and by taking into account the reddening. We note, however, that a reddening of 1 mag would increase the luminosity by 0.4 dex. This change in the luminosities would not change our conclusions. The giants would still be located around the bump, the core-He burning regions, or the early AGB. Thus, the Gaia data seem to confirm our previous conclusions.
As a final comment, we note that star 18265248+0627259, which seemed to be a core-He burning intermediate-mass star in Fig. 2 , is in the same region in Fig 7 (bottom left panel) . This position makes internal mixing of fresh Li unlikely in this star. This fast rotator is also one of the candidates for planet engulfment. A follow-up investigation of its Be abundance would be an interesting way to search for additional support for this hypothesis.
Summary
We reported on the discovery of 20 new Li-rich giants observed by the Gaia-ESO Survey. Four giants were observed in the field of open clusters, but do not seem to be members. Two giants were observed in fields towards the Galactic bulge, but magnitudes and proper motions are not compatible with bulge membership. The remaining 14 giants were observed in the CoRoT fields.
The asteroseismic data classify star 19265193+0044004 as a He-core burning clump giant. To the best of our knowledge, this is only the fifth Li-rich giant with asteroseismic determination of the evolutionary stage; it is the first with CoRoT data. It becomes the fourth such star to be found at the red clump. Its evolutionary stage supports a possible connection between the He-flash and the surface Li enrichment.
A comprehensive investigation of additional properties (IR magnitudes, rotational velocities, strong lines, and additional chemical abundances) did not reveal common peculiarities shared by all the Li-rich giants. We were able to identify one star with enhanced Ba abundance (19265013+0149070), five giants with v sin i > 10 km s −1 , and one star with IR excess (19270600+0134446). All giants show disc-like motion. Eleven stars seem to belong to the thin disc, and seven have enhanced [α/Fe], which tentatively classifies them as thick-disc stars.
The two fastest rotators in our sample are candidates for having suffered planet engulfment. Otherwise, the only common characteristic of the Li-rich giants in our sample seems to be their evolutionary stage. The Li-rich giants are mostly located around three evolutionary stages: the RGB luminosity bump, the clump, and the early AGB.
The concentration around these three evolutionary stages is particularly clear in the sample of giants in the CoRoT fields observed within the Gaia-ESO Survey. Lithium abundances (or upper limits) are available for 2252 such giants, covering from the bottom to the upper regions of the RGB (for low-mass stars) and up to the early AGB of intermediate-mass stars. In this extended sample, the 1% of the giants that were found to be Li-rich are only located around the RGB luminosity bump, the clump, or the early AGB. Luminosities computed using Gaia DR2 parallaxes also support these conclusions. This observation suggests that evolutionary stage plays a major role in the process of Li enrichment, at least in this sample. Additional processes such as planet engulfment probably only play a minor role. However, Li-rich objects found in other evolutionary stages cannot be explained in the same way. This includes the Li-rich metal-poor dwarfs and subgiants that were found, for example, in the globular cluster NGC 6397 by Koch et al. (2011) , in M 30 by Gruyters et al. (2016) , and in the field by Li et al. (2018) . Deep mixing that would add freshly synthesised Li is not possible in these stars. Thus, they likely require external pollution. Even in these cases, however, the non-detection of Be enhancement in the Li-rich dwarf in NGC 6397 argues against planet engulfment (Pasquini et al. 2014 
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Notes. The V magnitudes are from APASS (the AAVSO Photometric All-Sky Survey, Henden et al. 2015 ) unless otherwise noted:
(1) NOMAD catalogue (Zacharias et al. 2004 ); (2) The Guide Star Catalog, Version 2.3.2 (GSC2.3) (STScI, 2006) . Notes.
(1) The values of Li abundance for these five stars are not part of the final iDR5 Gaia-ESO catalogue. The values are missing from the main catalogue, likely because abundance measurements performed by different pipelines disagreed by a large margin. We report here instead the Li abundances rederived by only one of these pipelines, that of the Arcetri node (see description of this analysis node in Lanzafame et al. 2015) .
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